Introduction
The liver is a vital organ that is burdened with the regulation of physiological processes like detoxification of biologically harmful substances, secretion, storage and metabolism [1, 2] . Man can be exposed to drugs, pesticides and other myriad of chemicals either by way of life or job demands [3] . The cumulative effect of these exposures may result in liver disease or injury, causing deteriorating health conditions which sometimes lead to terminal illness due to the biological accumulation of toxic metabolites [4] .
Carbon tetrachloride (CCl 4 ) is a hepatotoxin that is widely used is scientific research to experimentally evaluate the potential of an agent's protective or curative effects on the liver [5] [6] [7] . In modern science, developing toxicological methods that aim at providing scientific information on the deleterious effect of chemical agents (such as CCl 4 ) have become current research trends with beneficial outcomes [8] . Although acute doses of CCl 4 have been associated with liver injury that can result in liver failure if left unchecked, high doses of CCl 4 have been reported in literature to cause nonspecific toxicity [9] , including respiratory failure and depression of the central nervous system [9, 10] . Nevertheless, a report in literature also showed that oxidative stress was induced following a single acute hepatotoxic dose of CCl 4 [9] . The basic mechanism by which CCl 4 induces liver injury is by the generation of free radicals with consequent deleterious alterations of the antioxidant system [7, 10] . In an attempt to curb the increasing incidence of chemically-induced liver injury, researchers are exploring the intervention of some plant products with antioxidant potentials [11, 12] ; a scientific exploration that is producing beneficial outcomes. We, therefore, hypothesized that the intervention of a potent antioxidant may biologically mitigate the deleterious effects of CCl 4 , thus providing more suitable alternatives for the adjuvant therapy of chemically-induced liver injury.
Zingiber officinale, also known as "Ginger", is a spice of food that has been recognized as a nutraceutic by the American Diabetic Association [2, 13] . Basically, nutraceutics are functional foods that provide important health benefits that include prevention and treatment of disease conditions [2, 13, 14] . According to literatures, ginger rhizomes are rich in anti-oxidant activity due to the presence of potent polyphenols like 6-gingerol and shogaols [2, 15] . Zingiber officinale plant is reputed to have a wide range of pharmacological activities some of which include antioxidant [18] , anti-inflammatory [19] , antitumor [20] , anti-diabetic [21] , anti-microbial [22] , neuro-protective [23] , and gastro-protective [20] potentials.
Generally, synthetic medicines are less readily available and relatively less affordable when compared with their plant-derived (nutraceutics) alternatives. Besides, inspirations for novel drug development can be provided by plant-derived medicines [16, 17] . Although there are experimental evidences showing that ginger, as a nutraceutical agent, expresses liver-protecting therapeutic effects in male Wistar rats of chemically-induced liver injury [2, 15, 24, 25] , there is dearth of literature on the critical assessment of the histopathological effects of any of its extract as well as its effects in a female Wistar rat model of CCl 4 -induced hepatotoxicity, hence this study.
Materials and methods

Plant material, drug, chemicals and biochemical kits
Fresh rhizomes of Zingiber officinale were purchased from a commercial supplier at Sabo market of Ile-Ife, Osun State, Nigeria and authenticated by a Taxonomist (Mr. G.A. Ademoriyo) at the Department of Botany, Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria.
Livolin forte® was purchased from Mega Life Science (Pty. Ltd., Australia; Batch number 107050), methanol was supplied by Crescent Chemical Co. Inc., New York (USA) while carbon tetrachloride was procured from Hopkins and Williams (England). Propylene glycol was supplied by Biovision Inc. (USA) while the assay kits for biochemical analyses were purchased from Randox Laboratory Ltd. (UK).
Extraction process
Fresh rhizomes of Zingiber officinale were peeled, weighed and thereafter pulverized with a waring blender (Waring Commercial, Torrington, CT) using 90% methanol. This was, thereafter, subjected to 48 h of constant shaking with the aid of an electric shaker. The resulting mixture was filtered under vacuum using Buchner funnel and Whatman number 2 Filter Paper (Whatman Plc, Middlesex, UK). The filtrate was concentrated with a rotary evaporator (Hahn Shin Scientific, HS-2005-N) and freeze-dried in a Lyophilizer (Ilshin Lab. Co. Ltd, Seoul, Republic of Korea). The resulting yield, which was methanol extract of Zingiber officinale rhizome (MEZOR), was weighed and kept in a desiccator until when needed.
The percentage yield of MEZOR was calculated as follows [18] ;
Yield of the extract Weight of peeled ginger rhizomes x 100%
Phytochemical screening of MEZOR
Using standard protocols, phytochemical screening of the methanol extract of Zingiber officinale rhizomes has been described by existing literatures. The consistency of result obtained is depicted in Table 2 as described by Bhargava and coworkers [26] as well as Riaz and coworkers [27] .
Determination of oral lethal dose (LD50) of MEZOR
The oral LD 50 of MEZOR was determined by Lorke's method [28] as modified by Imafidon and co-workers [29] . The modification is the use of 8 rats in the second phase of study, rather than 4 rats as proposed by Lorke. In the first phase of study, 9 rats were divided into 3 groups of 3 rats each and were administered MEZOR at graded doses of 10, 100 and 1000 mg/kg, by oral gavage with the aid of an oral canula. The rats were observed for 24 h after which the first phase of study was terminated. In the second phase, 8 rats were divided into 4 groups of 2 rats each and were administered MEZOR at 750, 1500, 3000 and 6000 mg/ kg, orally. They were also observed for 24 h after which the oral LD 50 of the extract was determined by the formula below; LD50 = √a x b
Where a = least dose that killed a rat; and b = highest dose that did not kill any rat.
Preparing solutions of MEZOR, Livolin Forte
® and administration of
CCl 4
The choice of the adopted therapeutic doses was guided by the result of the oral LD 50 of the extract. This was taken to be less than 10% of the oral LD 50 . Hence, doses of 100, 200 and 400 mg/kg of MEZOR, adopted for this study, where prepared as follows;
One gram (1 g) of MEZOR was dissolved in 20 ml of distilled water to prepare a stock solution of 100 mg/kg of MEZOR. Stock solutions of 200 and 400 mg/kg were prepared by dissolving 2 g and 4 g of MEZOR each in 20 ml of distilled water, respectively. The rats, therefore, received 0.2 ml/ 100 g of MEZOR, by oral gavage using an oral canula throughout the study period. Left-overs were stored in a deep-freezer after use and discarded after 48 h. Fresh samples were prepared every 48 h.
Propylene glycol was administered at 0.2 ml/100 g while livolin forte was administered at 5.2 mg/kg, which is the therapeutic dose of the drug in humans [3] . A capsule (376 mg) was dissolved in 20 ml of propylene glycol so that 0.04 ml of the resulting solution (equivalent of 0.75 mg of Livolin Forte) was administered to a 150 g rat, orally.
Experimental protocol
All experimental protocols were in strict compliance with the guidelines for animal research, as detailed in the NIH Guidelines for the Care and Use of Laboratory Animals [30] and approved by local institutional Research Committee. Thirty (30) female Wistar rats of about 2 months of age, weighing 120-130 g, were used for this study. They were purchased from the Animal Holding Unit of the College of Health Sciences, OAU, Ile-Ife, Osun State, Nigeria where the study was carried out. They were housed in plastic cages under natural light and dark cycle and allowed access to standard laboratory rat chow (ACE Feeds PLC, Osogbo -Nigeria) and water ad libitum.
The rats were divided into six groups of five rats each as follows; Group 1 (control) received propylene glycol by oral gavage through an oral canula at 0.2 ml/ 100 g throughout the study period (5 weeks). Group 2 (toxic) received CCl 4 , dissolved in olive oil (1:1 v/v) at 0.7 ml/ kg for 7 alternating days. Group 3 (standard) were pre-treated as group 2 after which they received oral administration of Livolin forte® at 5.2 mg/kg for 4 consecutive weeks. Groups 4, 5 and 6 were each pretreated as group 2 and thereafter received oral graded doses of the extract at 100, 200 and 400 mg/kg for 4 consecutive weeks (Table 4) . At the end of the study, the rats were euthanized and their blood samples were collected into separate EDTA bottles by cardiac puncture.
Blood samples were centrifuged at 4000 rpm for 15 min at -4°C using a cold centrifuge (Centurium Scientific, Model 8881) to obtain the plasma. About 1 g of the liver of each rat was excised and kept in a cooler for the preparation of tissue homogenates while the other portion of each liver was fixed in 10% formal-saline solution for histopathological examinations.
Measurement of body and organ weight
Weekly body weight was assessed using Hanson digital weighing
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Weight of Whole liver(g) Final body weight(at the point of sacrifice)(g) x 100%
Assessment of liver function biomarkers
Aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) were assayed in the plasma of each rat, using Randox standard laboratory kits as described in the protocols provided. However, total protein was assayed in the liver homogenate using biuret method as described by Tietz [33] .
Assessment of oxidative stress indicators
With the aid of an electric homogenizer (S1601001), 10% homogenate in phosphate buffer (100 mM) was prepared with the tissues at pH of 7.4. The homogenates were centrifuged at 3000 rpm for 20 min and the supernatants were collected for the assessment of the following indicators of oxidative stress;
Reduced glutathione (GSH) was assayed by the method of Beutler and co-workers [34] while the activity of catalase (CAT) was determined by the method of Sinha [35] .
Histopathological examination
The liver of each rat was fixed in 10% formal-saline solution. Thereafter, they were dehydrated in graded alcohol and embedded in paraffin wax. Sections taken (7-8 μm thick) were stained using Hematoxylin-Eosin (H & E) technique (for general histoarchitectural appraisal); Periodic Acid Schiff (PAS) technique (for histochemical study); Gordon and Sweets' silver staining technique (to appraise reticular fibre formation); as well as Masson's Trichrome staining technique (for the assessment of liver collagen fibres).
Photomicrographs of each slide were taken with the aid of a Leica DM 750 microscope, interfaced with Leica ICC50 digital camera at objectives of x40. The representative micrographs were transported to "Image J" software for quantificational analyses.
Statistical analysis
Data obtained were expressed as mean ± Standard Error of Mean using one-way analysis of variance and thereafter subjected to Neuman Keuls' post-hoc test. Student's t-test was used to determine differences between two variables and, generally, the level of significance was set at p < 0.05. Data were analysed using Graph Pad Prism 5.03 (Graph Pad Software Inc., CA, USA).
Results
Percentage yield (%), phytochemical screening and oral LD 50 of MEZOR
The percentage yield of MEZOR, after two different extraction processes, is as presented in Table 1 .
The phytochemical constituents of the extract are as presented in Table 2 .
The oral lethal dose (LD 50 ) of MEZOR is as presented in Table 3 .
Effects of MEZOR on percentage weight change (%) and relative liver weight (%) of Wistar rats exposed to CCl 4 toxicity
Following CCl 4 administration, PWC was significantly lowered in the toxic group (-4.90 ± 4.48) when compared with the control group (24.43 ± 7.81) (p = 0.0115; t = 3.260). The MEZOR-treated groups 4, 5 and 6 (13.57 ± 4.65; 17.75 ± 7.95; and 23.49 ± 6.18 respectively) showed significantly higher PWC when compared with the toxic group (−4.90 ± 4.48) (p = 0.0224; F = 4.216) (Fig. 1a) .
Administration of CCl 4 was found to be associated with an insignificantly higher RLW in the toxic group (5.22 ± 0.47) when compared with the control group (4.66 ± 0.18) (p = 0.3009; t = 1.106). The MEZOR-treated groups 4, 5 and 6 (4.54 ± 0.12; 4.40 ± 0.15; and 4.48 ± 0.24 respectively) showed a lower but insignificant RLW when compared with the toxic group (5.22 ± 0.47) (p = 0.1813; F = 1.836) (Fig. 1b) .
Effects of MEZOR on plasma AST (U/L), ALT (U/L) and ALP (U/L) levels in Wistar rats with CCl4-induced liver injury
AST level was significantly elevated in the toxic group when compared with the control (p < 0.05). The MEZOR-treated groups showed a significantly lower level of AST when compared with the toxic group Result shows that the percentage yield of MEZOR is 1.75 ± 0.25% (where n = 2). Least dose that killed a rat = nil. Highest dose that did not kill any rat = 6000 mg/kg. Therefore, oral LD 50 of MEZOR is greater than 6000 mg/kg in Wistar rats.
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Also, the ALP level in the toxic group was significantly higher when compared with the control (p < 0.05). However, the MEZOR-treated groups 4, 5 and 6 showed significantly lowered ALP level when compared with the toxic group (p < 0.05) ( Table 5) .
Effects of MEZOR on hepatic total protein (mg/ml) levels in Wistar rats with CCl4-induced liver injury
Carbon tetrachloride administration was associated with a significantly lowered hepatic total protein level in the toxic group when compared with both the control and standard groups (p < 0.05). The MEZOR-treated groups 4, 5 and 6 showed a significantly elevated level of hepatic total protein when compared with the toxic group (p < 0.05) (Fig. 5) .
Effects of MEZOR on hepatic GSH (U/ml) and CAT (μmol/min/mg protein) activities in Wistar rats with CCl4-induced liver injury
The toxic group showed significantly lowered hepatic GSH level when compared with the control group (p < 0.05). There was a significantly higher GSH level in the MEZOR-treated groups 4, 5 and 6 when compared with the toxic group (p < 0.05) (Fig. 6) .
The activity of CAT was significantly lowered in the toxic group when compared with the control group (p < 0.05). The MEZORtreated groups 4, 5 and 6 recorded a significantly elevated activity of CAT when compared with the toxic group (p < 0.05) (Fig. 6 ).
Histological effects of MEZOR on the liver of Wistar rats exposed to CCl 4 toxicity
Effects on the general histoarchitecture and number of hepatocytes (haematoxylin -eosin staining technique)
In the toxic group, microscopic examination using H & E staining showed evidence of necrotic hepatocytes and intra-cytoplasmic vacuolation at each zone of the hepatic lobule. This was in contrast to that of the control group. Similar evidence of apparently intact liver histoarchitecture was demonstrated in the MEZOR-treated groups 4, 5 and 6 when compared with both the toxic and control groups (Fig. 7) .
Quantification analysis of the hepatocytes showed a significantly lowered number of hepatocytes in the toxic group (1.17 ± 0.17) when compared with the control group (16.83 ± 2.26) (p < 0.0001; t = 6.92). The MEZOR-treated groups 4, 5 and 6 (7.83 ± 2.41; 9.00 ± 2.76; and 12.83 ± 2.21 respectively) had a significantly increased number of hepatocytes when compared with the toxic group (1.167 ± 0.17) (p = 0.0085; F = 5.140) (Fig. 2) .
Effects on reticular fibres formation and percentage area of reticular fibre (Gordon and sweet's silver staining technique)
Administration of CCl 4 was associated with degenerated and discontinuous reticular fibre in the toxic group, as observed by Gordon and Sweet's silver staining technique. This was in contrast to that of the control. The MEZOR-treated groups showed similar features like that of the control (Fig. 8) .
The quantification analysis of the percentage area of reticular fibre formation (PRF) showed a significantly lowered PRF in the toxic group (8.70 ± 0.69) when compared with that of the control (32.35 ± 0.92) CCl 4 400 mg/kg of MEZOR* n = number of rat; CCl 4 = carbon tetrachloride; PG = propylene glycol; MEZOR = methanol extract of Zingiber officinale (Roscoe) rhizome; * = point at which rats were sacrificed. [1] to [6] = Groups 1-6. * = significant difference when compared with the control group; and a = significant difference when compared with the toxic group. (Fig. 3 ).
Effects on collagen fibres and percentage area of collagen fibres (Masson's trichrome staining technique)
Histopathological examination revealed accumulation of collagen fibres at the periportal region with some deposit of collagen fibres surrounding the wall of the centrilobular vein in the toxic group. These features were in contrast to that of the control. The MEZOR-treated groups, as well as the standard, showed similar features as demonstrated by the standard and control groups (Fig. 9) .
Quantification analysis of the percentage area of collagen fibre (PCF) showed a significant increase in PCF in the toxic group (16.78 ± 0.29) when compared with the control group (2.77 ± 0.04) (p < 0.0001; t = 46.98). The toxic group (16.78 ± 0.29) showed a significantly higher PCF when compared with the MEZOR-treated groups 4, 5 and 6 (7.63 ± 0.40; 3.81 ± 0.12; and 3.54 ± 0.20 respectively) (p < 0.0001) (Fig. 4) .
Histochemical effects (Periodic Acid-Schiff staining technique)
Histochemical assessments revealed a PAS-negative reaction in the toxic group, following exposure to CCl 4 toxicity. This feature was in contrast to that of the control group. The evidence of PAS-positive materials was also observed in the standard group as well as the MEZOR-treated groups 4, 5 and 6 (Fig. 10 ).
Discussion
Since weight gain or lose is determined by a balance between food intake and energy expenditure [29, 36] , the significantly lowered percentage weight change (PWC) that was associated with CCl 4 administration can be attributed to a reduction in food intake that was observed during the study period. A secondary contributory factor to the observed reduction in food consumption may be the anaesthetic-mimicking effects of CCl 4 , which resulted in sluggishness of all body reflexes as well as lowered response to stimuli [37, 38] . These attributes, according to our observational study, culminated in the reduction of both food consumption and body weight. This study, therefore, demonstrated the potential anti-analgesic as well as appetite-stimulating effects of MEZOR (in a dose-dependent manner), as the aforementioned conditions were significantly reversed with a resultant increase in PWC. These ameliorative effects can be attributed to the important phytochemical constituents, such as flavonoids and tannins, which are present in the extract. This study supports the findings of Atta et al who attributed the hepatoprotective effects of Zingiber officinale to the presence of flavonoids, tannins and unsaturated sterols [25] .
Inflammatory response to liver injury and or a reduction in liver proteins can cause rapid mitosis of liver cells, resulting in liver growth to a larger size [39] . This phenomenon may be a possible explanation for the CCl 4 -induced increase in relative liver weight. The significant reductions in hepatic total protein level, with micrographic evidence of inflammatory response to CCl 4 administration, were significantly attenuated by MEZOR treatment. These effects suggest a dose-dependent anti-inflammatory effect of the extract as well as its potential to reintegrate hepatic total protein to homeostatic levels. A similar finding of the anti-inflammatory effects of Zingiber officinale (but on male Wistar rats) has been reported by Young et al [19] .
The mitigating effects of MEZOR on CCl 4 -induced deleterious alteration of liver function biomarkers are suggestive of its potential to restore normal liver functions via cytosolic and mitochondrial effects. This is because, by location, ALT is solely cytoplasmic while AST is both cytosolic (20%) and mitochondrial (80%) [40, 41] . The implications of these mitigating effects include potentiation of reduced leakage of hepatic enzymes into the circulation by the extract through membrane- [1] to [6] = Groups 1-6. * = significant difference when compared with the control group; and a = significant difference when compared with the toxic group. [1] to [6] = Groups 1-6. * = significant difference when compared with the control group. a = significant difference when compared with the toxic group; and b = significant difference when compared with the standard group. stabilizing and membrane protecting mechanisms. The synthesis as well as release of ALP from cell surfaces is enhanced by cholestasis (bile flow obstruction) [42, 43] . This makes ALP a cholestatic index [44] . Since MEZOR treatment was associated with a significantly lowered plasma ALP level when compared with the toxic control, it is indicative of the extract's potential to inhibit and or reverse the biological events that promotes cholestasis. This is, however, a subject for further study and verification.
The significant depletion of hepatic GSH and CAT levels can be attributed to their excessive use by the liver against CCl 4 -generated reacting oxygen species (ROS). It is an established fact that the basic mechanism of CCl 4 -induced liver injury is generation of free radicals as well as deleterious disruption of the antioxidant system [7] . However, existing literatures have implicated flavonoids to possess hepato-protective potentials due to their ability to scavenge free radicals, including hydroxyl, peroxyl and superoxide radicals and can form complexes with catalytic metal ions to render them inactive [15, 45, 46] . These flavonoids constitute part of the important phytochemicals of the extract (MEZOR). Therefore, the apparent restoration of normal antioxidant system by the extract clearly demonstrates its dose-dependent antioxidant capacity -the highest dose (400 mg/kg) producing the highest effects. [1] to [6] = Groups 1-6. * = significant difference when compared with the control group. a = significant difference when compared with the toxic group; and b = significant difference when compared with the standard group. [1] to [6] = Groups 1-6. * = significant difference when compared with the control group. a = significant difference when compared with the toxic group; and b = significant difference when compared with the standard group.
Reticular fibres are the mesh-like framework for organs, such as the liver, which provides most of the supporting connective tissue of the organ [47] . According to a report by Wen and co-workers [48] , degradation or collapse of reticular fibres can be considered as a pathological characteristic of initiation and or progression of hepatic fibrosis. This suggests that MEZOR treatment potentially inhibits the initiation and or progression of hepatic fibrosis via tissue regenerative mechanism (s), as buttressed by H & E stain.
Excessive collagen accumulation is the most commonly associated characteristic of liver fibrosis and can result in hardening, with a consequent functional impairment, of the liver [49] . The micrographic evidence of reduced collagen fibre formation, following MEZOR treatment, further supports the pharmacological potential of the extract in mitigating the progression of liver pathophysiology to fibrosis.
The histochemical demonstration of decreased hepatic glycogen content indicates insulin-inhibiting and glucagon-promoting activities of CCl 4 . Ginger has been demonstrated in literatures to possess antihyperglycemic property via inhibition of oxidative stress and inflammatory processes as well as inducing increased insulin sensitivity [50, 51] . This study, providing support for the anti-hyperglycemic This study recommends that liver assessment using electron microscopy and immuno-histochemical assay are worthy of investigation in order to further elucidate the extract`s mechanism of action. It is also recommended that the consumption of Ginger (to be used as spice in food) should be encouraged, as this study demonstrated its potential therapeutic effects on chemically-induced liver injury in a dose-dependent manner; the highest dose being the best effective dose. According to the US FDA document, ginger has been listed as one of the nutraceutics that are Generally Recognized as Safe (GRAS) [2, 14] . This conclusion was made after a dose of 0.5-1.0 g of ginger powder ingested for a chronic period (3 months to 2.5 years, 2-3 times daily) was reported not to have any deleterious biological effects [2, 14] . The adopted highest dose for this study (400 mg or 0.4 g, once daily) is lower than the aforementioned lower limit (0.5 g, 2-3 times daily) that produced no deleterious biological effects following chronic consumption. This study apparently provides a supporting evidence and or validation of the fact that between 0.2 -0.5 g of ginger extract ingested 1-3 times daily in humans may sufficiently produce beneficial therapeutic effects in conditions of chemically-induced liver injury. This is, however, subject to further verification using human trials.
Conclusion
This study concluded that methanol extract of Zingiber officinale (Roscoe) rhizome mitigated CCl 4 -induced hepatotoxicity in female Wistar rats through anti-oxidant, membrane-stabilizing and tissue regenerative potentials. These pharmacological activities were conferred by the presence of important phytochemicals that were inherent in the extract. The extract, therefore, represents a potential therapeutic choice in adjuvant treatment or management of subjects with chemically-induced liver injury. 
